Abstract Using the hyperspherical adiabatic method with the realistic nuclear potentials Argonne V14, Argonne V18, and Argonne V18 with the Urbana IX threebody potential, we calculate the adiabatic potentials and the triton bound state energies. We find that a discrete variable representation with the slow variable discretization method along the hyperradial degree of freedom results in energies consistent with the literature. However, using a Laguerre basis results in missing energy, even when extrapolated to an infinite number of basis functions and channels. We do not include the isospin T = 3/2 contribution in our analysis. 
We concern ourselves only with the relative Hamiltonian H rel . We recast H rel in hyperspherical coordinates [1, 2] in terms of five hyperangles denoted by Ω and a single length, the hyperradius R. The relative Hamiltonian is then a sum of the hyperradial kinetic energy, the hyperangular kinetic energy, and the interaction potential,
Here, m is the average nucleon mass and is Planck's constant. The exact form of the square of the grand angular momentum operator Λ 2 depends on the choices of the Jacobi vectors and of the hyperangles and is not needed here.
The solution Ψ E (R, Ω) to Eq. (1) is expanded in terms of the radial functions R −5/2 F Eν (R) and the channel functions Φ ν (R; Ω),
The channel functions at a fixed hyperradius R form a complete orthonormal set over the hyperangles,
and are the solutions to the adiabatic Hamiltonian H ad (R, Ω),
where
After applying Eq. (1) on the expansion Eq. (2) and projecting from the left onto the channel functions, the Schrödinger equation reads
The hyperspherical Schrödinger equation Eq. (6) is solved in a two step procedure. First, H ad (R, Ω) is solved parametrically in R for the adiabatic potential curves U ν (R).
In a second step, the coupled set of one-dimensional equations in R are solved. In Eq. (6), P νν ′ and Q νν ′ represent the coupling between channels, where
and
The brackets indicate that the integrals are taken only over the hyperangle Ω with the hyperradius R held fixed.
Adiabatic potential curves
We expand the channel functions, Φ ν (R; Ω), using a basis of hyperspherical harmonics φ KM (Ω). Here, K labels the grand angular momentum quantum number and M labels the different degenerate states for a fixed K. The hyperspherical harmonics diagonalize the hyperangular kinetic energy operator, where
The main challenge comes from calculating the potential matrix elements
at a fixed hyperradius, which has been worked out by the second author using the technique of Ref. [9] . 5), is solved via a generalized eigenvalue problem at each hyperradius. Table 1 shows an example of a set of basis functions. The solid lines in Figure 1 (a) are the adiabatic potential curves generated from the basis in Table 1 of lines that asymptotically approach the zero energy threshold, indicating that these curves represent the fragmentation into three free particles. Two lines approach a negative energy threshold of -2.22MeV, such number of channels gives an estimate of −7.671(2)MeV for the triton binding energy.
This technique seems to miss about 10keV of binding energy when compared with other estimates [10] , or worse if estimating the energy by the last data point and not extrapolating to an infinite basis. We suggest that the error comes from the finite-difference method to calculate the P and Q matrix elements. The couplings show complicated behavior at small R that may not be captured by this technique. We propose using a discrete variable representation [11, 12] in R together with the slow variable discretization method (SVD) [13] . Thus, the P and Q matrices are not needed since the hyperradial solution is solved in sectors that are exactly diagonalized. The only additional requirement is that the phase of each diagonalized sector must match between sector boundaries. points. The hyperangular basis used is that described in Table 1 . We find that the data changes in the fifth significant digit when we increase the number of DVR points to 10. Further, we find that the results are ro- with those given in the benchmark of Ref. [14] showing the great flexibility of the SVD technique to treat the complexity of the adiabatic couplings.
Conclusion and Outlook
In this paper we calculated the adiabatic potentials curves for the three nucleon problem using realistic nuclear potentials in order to calculate the three-nucleon bound state. In calculating the triton binding energy, we find that the SVD method with a DVR basis gives results consistent with the literature [14] , while using a naive finite-difference method leads to inconsistent results. This suggests that the channel couplings are handled well by the DVR basis.
Though the binding energy of three nucleons can be calculated by different techniques (see Ref. [14] and references therein), this method may prove useful in calculating scattering data. As a preliminary study, we attempted to propagate the R matrix in the SVD method, but the hyperspherical harmonic basis used does not produce convergence at large values of the hyperradius.
This led to difficulties as we could not accurately connect the potentials and coupling matrix elements to their asymptotic behavior at large hyperradius in order to switch to a traditional R matrix propagation method. To get around this limitation for scattering states below the three-nucleon breakup, we could use the method described in Ref. [15] , which only requires information from the bound state calculations in order to estimate the S matrix elements. For determining the breakup amplitude a larger basis should be necessary in conjunction with the method described in Ref. [5] .
